Objective: The aim of this study was to determine whether postmenopause status is associated with self-reported limitations in physical function.
H ealth-related quality of life is an important mediator of and surrogate marker for future disease, disability, and mortality. 1 Physical function, a component of health-related quality of life, can be an indicator of the aging process 2,3 and can be used as a surrogate marker to measure the overall impact of disease and the environment. 4 An estimated 54.4 million (18.7%) people living in the United States have some level of disability, and 35 million (12%) have severe disability. 5 The impact of limitations in physical function has been extensively studied in adults 65 years or older. 6<10 Among women 70 years or older, 42% report one physical function limitation and 20% report four or more limitations. 11 Although physical function limitations in older women are common, these limitations may first present in midlife rather than in later life. Even at midlife, more women than men report functional limitations. 8, 12, 13 In the Study of Women's Health Across the Nation (SWAN) telephone survey, approximately 20% of women aged 40 to 55 years perceived themselves as having physical function limitations. 14, 15 Menopausal factors and related health factors may be associated with the increased prevalence of physical function limitations among women compared with men, independent of aging. The aim of this article was to explore the association between menopause status and limitations in physical function.
METHODS SWAN/study participants
SWAN is a prospective, multicenter, multiethnic, multidisciplinary study of the natural history of the menopausal transition with a baseline enrollment of 3,302 women. Its recruitment procedures and study design have been previously described. 16 Briefly, 3,302 women from Boston, MA; Chicago, IL; the Detroit, MI, area; Los Angeles, CA; Newark, NJ; Pittsburgh, PA; and Oakland, CA were recruited as the 1996-1997 baseline cohorts. Eligibility criteria included the following: age of 42 to 52 years, with uterus and at least one intact ovary, with menstrual period, no use of reproductive hormones within the past 3 months, no current pregnancy, and self-identifying as African American, white, Chinese, Hispanic, or Japanese. Institutional review board approval was granted at each study site, and an informed consent form was obtained from each study participant.
A total of 2,566 women participated on visit 4 (2000-2001) . On the first visit, the physical function scale of the Medical Outcomes Study Short-Form 36 (SF-36) was administered. Women with missing physical function scores (n = 46) or undetermined menopause status due to hormone use during the premenopausal and perimenopausal periods (n = 284) were excluded; this resulted in an analytic sample of n = 2,236. Women receiving postmenopausal hormone therapy were included in the analytic sample. Women excluded from the analyses were, on average, aged 50.3 years, more likely to be white, to have postcollege education, and to be from the Chicago, Los Angeles, or Pittsburgh site than were women included in the analyses. Physical function scores did not differ significantly between excluded women and included women. Women excluded because of missing physical function scores were more likely to be premenopausal or late perimenopausal than women with recorded physical function scores. There was no significant difference between women excluded because of undetermined menopause status due to hormone use and women with known menopause status.
Menopause status as independent variable
Menopause status was defined as a five-level categorical variable based on the SWAN classification of participants' answers to questions on bleeding patterns. 16 Categories were as follows: premenopausal (menses in the past 3 mo with no change in bleeding pattern), early perimenopausal (menses in the past 3 mo but with decreasing predictability between menses), late perimenopausal (no menses in the past 3-11 mo), naturally postmenopausal (no menses in the past 12 mo or more), and surgically postmenopausal (history of hysterectomy or had two ovaries removed).
Physical function as dependent variable
Physical function status was assessed by participants' selfreports on the 10-item physical function scale of the SF-36. 17 Participants reported whether they were limited a lot, limited a little, or not limited in activities including bathing, dressing, carrying groceries, bending, moderate and vigorous athletic activities, walking, and climbing stairs. Participants' responses were calculated using the original coding algorithm in which raw scores were transformed into physical function scores between 0 and 100, with higher scores representing better physical function. 18 Studies have reported that scores on the SF-36 are highly skewed and not normally distributed, with many respondents scoring 100. 19<21 SF-36 physical function scores in this SWAN sample were categorized into three levels, using cutoffs as recommended by Rose et al, 21 to address this ceiling effect. Women with a score below 50 were classified as having substantial limitations. Those with a score of 51 to 85 were classified as having moderate limitations. Women with a score of 86 to 100 were considered to have no limitations in physical function.
Potential confounders
We included variables that were determined to be potential confounders based on previous literature. 14, 15, 22 Age, race/ ethnicity, and education were self-reported by participants. Race/ethnicity was self-identified as African American, white, Chinese American, Hispanic, and Japanese American. Education was defined as less than high school degree, high school degree or GED, some college, college graduate, and postcollege education. An interviewer-administered questionnaire also assessed physician diagnoses of diabetes, high blood pressure, and arthritis based on participants' self-reports. Other chronic conditions such as myocardial infarction, angina, osteoporosis, and cancer were excluded from analyses because of small variable frequencies. Depressive symptoms were assessed using the 20-item Center for Epidemiologic StudiesYDepression Scale, 22 with a cutoff point of 16 or higher indicating current presence of depressive symptoms. Other risk factors examined included body mass index (BMI), hormone use in postmenopausal women, and smoking. BMI was categorized into four groups: underweight (BMI G18.5 kg/m 2 ), normal weight (BMI 18.5-24.9 kg/m 2 ), overweight (BMI 25-29.9 kg/m 2 ), and obese (BMI Q30 kg/m 2 ). Current hormone use among postmenopausal woman was determined by an interviewer-administered questionnaire. Smoking status was defined as current smoker.
Statisical analysis
The frequencies of categorical variables and the means T SDs of continuous variables were tabulated according to the three-level categorical dependent physical function variable; statistically significant associations (P G 0.05) were evaluated with analysis of variance or W 2 test of homogeneity. The assumption of proportionality was violated (P G 0.05) and precluded the use of ordinal logistic regression models. Thus, multinomial logistic regression models were used to determine the association between menopause status as an independent variable and self-reported physical function as the dependent variable.
Variables found to be statistically significant in the W 2 analysis were included in the final models (Table 1) . Although not significant, age and hormone use were included owing to scientific plausibility. Modeling was performed in three stagesVinitially forcing menopause status, age, and hormone use into the model (limited model); thereafter adding significant potential confounders; and subsequently adjusting for race/ethnicity, education, and site (full model). Within each stage, the contribution of each covariate was evaluated. Associations between physical function limitation and risk factors were expressed using odds ratios and 95% CIs by making two separate comparisons among the women: moderate limitations compared with no limitations in physical function and substantial limitations compared with no limitations in physical function. Interactions between race/ethnicity and menopause status, as well as between BMI category and menopause status, were assessed in the full models and were found to be not significant.
Statistical analyses were conducted with SAS software, version 9.2 (SAS Institute, Inc., Cary, NC).
RESULTS

Descriptive analysis
The sample included 2,236 women with a mean (SD) age of 49.9 (2.7) years. Almost half of them self-identified as white, 26% as African American, 7% as Hispanic, 9% as Chinese, and 10% as Japanese. Most women (51.1%) were at early perimenopause, followed by 24% naturally postmenopausal women. Premenopausal and surgically postmenopausal women each represented less than 10% of the sample. Overall, 59% reported no limitations in physical function, 30% reported moderate limitations, and 11% reported substantial limitations. Table 1 shows other participants' characteristics.
Significant bivariate associations between study variables and physical function limitations are also shown in Table 1 . No significant difference in age was observed among the three groups (P 9 0.05). Ethnicity, education, and BMI differed significantly across levels of physical function limitations (P G 0.0001). Women who were white or Japanese, had a normal BMI, and had higher education most commonly reported no limitations and were least likely to report substantial limitations. The reverse trend was noted in women who were black, obese, and less educated such that the proportions of these women increased with higher degrees of physical function limitations. The presence of chronic health conditions, including diabetes, hypertension, arthritis, and depressive symptoms, differed significantly across the three categories of physical function (P G 0.0001). The prevalence of these chronic health conditions was found to increase with higher limitations in physical function. Two percent to 15% of women with no limitations had a chronic health condition, whereas 6% to 26% of women with moderate limitations and 15% to 42% of women with substantial limitations had a chronic health condition. No significant difference in post-menopausal use of hormone therapy was observed among the physical function limitation groups (P 9 0.05). Table 2 shows the distribution of menopause status by the categories of limitation in physical function. A statistically significant difference in menopause status was observed across the three categories of physical function limitations (P G 0.001). Twenty-seven percent of women with no limitations, 29% of women with some limitations, and 40% of women with substantial limitations were postmenopausal (naturally or surgically).
Substantial limitations compared with no limitations in physical function
In a multinomial logistic regression model including age and hormone use, women who were surgically postmenopausal, naturally postmenopausal, late perimenopausal, or early perimenopausal were significantly more likely to report substantial limitations in physical function than were premenopausal women by sixfold, fivefold, threefold, and twofold, respectively ( Table 3 , limited model). In the fully adjusted model, surgically and naturally postmenopausal women continued to have three times greater odds of experiencing substantial limitations (Table 3 , full model; Fig. 1 ). Although the association between postmenopause status and substantial limitations was attenuated by BMI and the presence of depressive symptoms, the association remained statistically significant. Underweight, overweight, or obese women had 3.9-fold, 2.2-fold, and 4.8fold greater odds, respectively, of reporting substantial limitations, compared with women with normal BMI. Other factors that are significantly associated with substantial limitations include diabetes, arthritis, depression, and lower education, but not ethnicity.
Moderate limitations compared with no limitations in physical function
In a multinomial logistic regression model including age and hormone use, women who were naturally postmenopausal and late perimenopausal were almost twice as likely as premenopausal women to report moderate limitations in physical function ( Table 4 , limited model). These associations were attenuated by higher BMI. In the fully adjusted model, associations between menopause status and moderate limitations in physical function were no longer statistically significant (Table 4 , full model; Fig. 1 ). In comparison with women with normal BMI, those who were overweight were 50% more likely and obese women were more than three times more likely to report moderate limitations. Other factors, including diabetes, hypertension, arthritis, and depressive symptoms, were significantly associated with moderate limitations, but not with education. Compared with white women, Hispanic women seemed to be significantly less likely and Chinese women were more likely to report moderate limitations.
DISCUSSION
Women experiencing surgical or naturally occurring postmenopause have nearly fourfold higher odds of reporting greater limitations in physical function than premenopausal women. Independent risk factors for substantial limitations included BMI, diabetes, arthritis, depressive symptoms, and lower education, but not ethnicity. The association between menopause status and limitations in physical function remained significant even after adjustment for age, ethnicity, education, and various health factors. This suggests that the physiological changes in menopause could contribute directly to limitations in physical function.
Our findings are consistent with the results from the Michigan Bone Health and Metabolism Study, which indicated that postmenopausal women had reduced levels of functioning and greater rates of change in performance-based measures. 23 The SWAN cross-sectional telephone screening of 14,217 women aged 40 to 55 years also found an association between menopause and physical function but was limited by the use of a sample that included women ineligible for SWAN and incomplete data on physical function and chronic health conditions. 15 We expanded on these findings by including women enrolled into the SWAN longitudinal cohort. In our analytic sample (visit 4), the SF-36 was administered to all participating women and included information on diagnosed chronic health conditions.
On the basis of an extension of the Nagi model, 24, 25 we propose a working model of the natural history of physical function, where the menopausal transition may potentially influence the development of functional limitations and disability. Pathophysiological changes, such as increased ratio of fat mass to lean mass, 26 increased visceral fat, 27 and bone mass loss, 28 that occur during the menopausal transition may result in a cascade of events, where active pathology leads to impairment, then to functional limitations, and ultimately, to disability.
A hallmark of the menopausal transition is the dramatic reduction in estrogen, creating a state of Bactive pathology.[ Studies have shown that women experience an accelerated decline in strength around the time of menopause, suggesting that sex hormones may be the underlying cause of sex differences in muscle strength. For example, men had gradual decreases in knee extensor and handgrip strength between 20 and 80 years of age, whereas women had a steep decline after the age of 55 years. 29 Another study reported no sex differences in the strength of the adductor pollicis muscle until menopause, when perimenopausal and postmenopausal women had accelerated strength loss. 30 Changes in body composition that occur during the menopausal transition may predispose women to the development of physical function limitations and future disability. It may also partly explain why women have an increased prevalence of physical function limitations compared with men. A longitudinal study showed that both chronological age and ovarian age contributed to increased fat mass and loss of skeletal muscle mass in women transitioning to menopause. 26 The altered relation between muscle and fat may place postmenopausal women at a biomechanical disadvantage. Increased fat content within skeletal muscle has been shown to influence muscle strength. A study of men and women aged 70 to 80 years found that reduced muscle density and increased lipid accumulation within muscle were associated with lower muscle strength. They also observed that skeletal muscle lipid content was higher with increasing age, particularly in women. 31 Women with diabetes, hypertension, arthritis, and depressive symptoms have statistically significant 1.3 to 2.1 greater odds of being moderately limited (Table 4 ) and are 3.2 to 4.8 times more likely to be substantially limited (Table 3 ) than women without these conditions, even after adjustment for age, race, education, hormone use, smoking, and site. Stronger associations between chronic health conditions and substantial limitations, in comparison with moderate limitations, in physical function are consistent with what has been shown in the SWAN telephone survey. 14 We identified numerous health factors as independent factors for limitations in physical function. High BMI is a well-known predictor of poor physical function. In this sample of women, those with low or high BMI had a significantly greater likelihood of having substantial limitations in physical function. High BMI may place these women at higher risk for developing chronic health conditions such as diabetes, hypertension, and arthritis. Conversely, low BMI may indicate the presence of chronic disease as well. Our results show that diabetes, arthritis, and depressive symptoms are significantly associated with both moderate and substantial limitations. In addition, high blood pressure was significantly associated with moderate limitations. However, these conditions individually could not explain the increased likelihood of postmenopausal women reporting substantial limitations.
This study used a sizable and diverse sample of 2,236 midlife women from five race/ethnic groups. In comparison with white women, Chinese women were more likely and Hispanic women were less likely to report moderate limitations, but these trends were not observed among those who reported substantial limitations. Definitive conclusions should be withheld given the small sample size of ethnic groups among physical function categories.
With regard to education, women who completed high school or less had statistically significant 1.8 to 3.8 greater odds of reporting substantial limitations (Table 3 ). This finding suggests the importance of targeting women of lower socioeconomic status when developing interventions for improving health outcomes in aging women.
The findings of our analyses should be interpreted with several factors in mind. First, this cross-sectional analysis can neither establish a cause-effect relationship nor address the temporal relationship between physical function decline and transition through menopause. However, this study confirms the importance of better understanding women with limitations in physical function during the menopausal transition. Second, physical function categories were generated from self-reported responses to the SF-36 survey. Objective physical function measures for comparing subjective and objective findings were not available on visit 4. However, objective measures of physical function, including balance, gait speed, and grip strength, will be collected beginning with visit 12 (2009) (2010) (2011) . Future evaluation of subjective and objective measures of physical function will be possible. Nonetheless, previous studies indicate that self-reports of functional limitations in both men and women are reproducible 32 and accurate. 9 Thus, the self-reports of physical function limitations in this study are probably a true reflection of physical function disability.
Little information on the natural history of physical function limitations exists. Whether changes during the menopausal transition lead to physical function decline needs to be addressed in future longitudinal studies on midlife women. This study used information from visit 4, the earliest visit where data on self-reported limitations in physical function within the SWAN longitudinal cohort are available. By demonstrating an association between menopause status and selfreported limitations in physical function, our study sets the stage for a longitudinal SWAN to investigate whether physiological changes in menopause, including altered body composition, could contribute directly to limitations in physical function.
CONCLUSIONS
Women experiencing surgical or naturally occurring postmenopause have nearly fourfold higher odds of reporting greater limitations in physical function than do premenopausal women, independent of age and only partly explained by higher BMI and depressive symptoms. This suggests that physiological changes in menopause could contribute directly to limitations in physical function.
